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(54) Hologram laser unit and two-focus type optical pickup 



(57) The hologram laser unit of this invention 
includes a laser light source (2) and an optical detector 
(3) formed integrally and secured to an optical system 
including an objective lens (8), wherein an optical ele- 
ment (4) is disposed between the laser light source and 
the objective lens, a hologram element (5) is formed on 
a surface of the optical element facing the laser light 
source, and an aberration compensation element (6-1) 
is formed on a surface of the optical element facing the 
objective lens, the optical element being constructed so 
that a light beam output from the laser light source and 
converged by the objective lens is divided into two light 
beams. 
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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION: 

The present invention relates to a hologram laser 
unit mounted in an optical disk device for optically 
recording/reproducing information on/from an informa- 
tion recording medium such as an optical disk, and an 
optical pickup including the hologram laser unit as a 
light source. More particularly, the present invention 
relates to a two-focus type optical pickup capable of pro- 
viding accurate information recording/reproduction for 
two types of optical disks having different substrate 
thicknesses and refractive indices, and a hologram 
laser unit used as a light source of the optical pickup. 

2. DESCRIPTION OF THE RELATED ART: 

In recent years, optical disks have been used or 
attempted to be used in many fields such as audio, 
video, and computer applications due to the feature 
thereof of being capable of recording a great amount of 
information signals at high density. Compact disks 
(CDs), video disks, mini-disks (MDs), and magnetoopti- 
cal disks for computer, which are widely available in the 
market, commonly use substrates with the same thick- 
ness, i.e., 1.2 mm-thick substrates. An objective lens of 
an optical pickup is therefore designed so that an aber- 
ration generated by the 1 .2 mm-thick substrate can be 
compensated for. 

On the other hand, a variety of studies have been 
conducted to increase the recording capacity (recording 
area) of optical disks. These studies include increasing 
the numerical aperture (NA) of an objective lens to 
improve the optical resolution, and forming multiple 
recording layers. 

As the NA of the objective lens increases, the diam- 
eter of a converged light beam decreases in proportion 
to the NA, but the allowance of the tilt of a disk 
decreases in proportion to the cube of the NA. In order 
to prevent the allowance of the disk tilt (disk tilt allow- 
ance) from decreasing as the NA of the objective lens 
increases, the thickness of the substrate of the disk 
must be decreased. For example, a disk tilt allowance 
substantially equal to that obtained when the NA of the 
objective lens is 0.5 and the substrate thickness is 1 .2 
mm is obtained when the NA of the objective lens is 
about 0.6 and the substrate thickness is about 0.6 mm. 
However, a disk having such a thin substrate is no 
longer compatible with optical disks with the conven- 
tional substrate thickness. 

A multilayer disk where a plurality of recording lay- 
ers are formed with a transparent substrate with a cer- 
tain thickness interposed therebetween can provide a 
greatly increased recording capacity. In such a multi- 
layer disk, however, the substantial substrate thickness 



as is seen from an objective lens is different for the 
respective recording layers. Therefore, correct informa- 
tion recording/reproduction is not obtainable by using 
one optical pickup. 
5 In order to solve the above problems, Japanese 

Laid-Open Publication No. 7-98431, for example, pro- 
poses the use of a composite objective lens composed 
of a combination of a refractive objective lens and a 
hologram lens. 

10 According to this method, an optical disk includes a 
plastic or glass substrate with a thickness of 0.6 mm, for 
example. The refractive objective lens is designed so 
that a light beam which has passed through the holo- 
gram lens without diffraction can be converged on the 

15 optical disk with a substrate thickness of 0.6 mm without 
aberration. The hologram lens is designed so that a light 
beam which has been diffracted from the hologram lens 
and has passed through the refractive objective lens 
can be converged on an optical disk with another sub- 

20 strate thickness, e.g., a thickness of 1.2 mm without 
aberration. 

Japanese Laid-Open Publication No. 7-182690, for 
example, proposes another method for solving the 
above problems, where an additional lens is drawn out 
25 or retracted mechanically to allow a light beam to be 
converged on optical disks with different substrate thick- 
nesses. 

According to this method, the additional lens is dis- 
posed between a semiconductor laser and an objective 

30 lens and located on the fixed portion of an optical head. 
Therefore, the additional lens is not driven integrally 
with the objective lens. The additional lens may be a 
concave lens, a convex lens, or even a hologram lens. 
However, the above conventional methods are dis- 

35 advantageous in the following points. 

The method using the composite objective lens has 
the following problems. The refractive objective lens and 
the hologram lens must be integrally assembled so that 
the optical axes of these lenses match with each other 

40 with high precision and so that the tilts of the lenses are 
parallel to each other with high precision. This requires 
complex, high-precision adjustments, and as a result 
decreases the ability to mass-produce the desired opti- 
cal pickup. 

45 Even if the complex, high-precision adjustments are 
correctly completed, the adjustments may possibly 
degrade over time due to environmental factors. This 
makes it difficult to maintain or improve the reliability of 
a device incorporating such an optical pickup. 

so A lens-barrel is separately required for combining 
the two lenses. This increases the number of compo- 
nents. 

The disk tracking ability of the objective lens may be 
lowered due to the added weight of the composite lens. 
55 The thickness and size of the composite lens 
increase because two lenses must be bonded together. 

The method where the additional lens is drawn out 
or retracted has the following problems. 
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The optical axis of the objective lens and that of the 
additional lens must match each other when the addi- 
tional lens is drawn out. The positioning of the additional 
lens in the direction of the optical axis and the tilt thereof 
must be highly precise. To achieve this, a high-precision 5 
mechanism for drawing out and retracting the additional 
lens is required. This results in an increase in the device 
size, an increase in production cost, and a decrease in 
mass-productivity. 

Since the additional lens itself is movable, the posi- 10 
tion of the lens easily changes due to environmental fac- 
tors, making it difficult to maintain/improve the reliability. 

SUMMARY OF THE INVENTION 

15 

The hologram laser unit of this invention includes a 
laser light source and an optical detector formed inte- 
grally and secured to an optical system including an 
objective lens, wherein an optical element is disposed 
between the laser light source and the objective lens, a 20 
hologram element is formed on a surface of the optical 
element facing the laser light source, and an aberration 
compensation element is formed on a surface of the 
optical element facing the objective lens, the optical ele- 
ment being constructed so that a light beam output from 25 
the laser light source and converged by the objective 
lens is divided into two light beams. 

In one embodiment of the invention, the optical ele- 
ment is divided into two parts with an air layer therebe- 
tween. 30 

In another embodiment of the invention, the aberra- 
tion compensation element is formed on part of a center 
portion of the surface of the optical element and has a 
spherical lens function. 

In still another embodiment of the invention, the 35 
aberration compensation element includes a spherical 
lens portion and a uniaxial crystal material covering the 
spherical lens portion, so that a light beam incident on 
the aberration compensation element is divided into a 
light component which receives the aberration compen- 40 
sation function depending on a polarizing direction of 
the light beam and a light component which does not 
receive an aberration compensation function and a ratio 
of these components can be arbitrarily adjusted. 

In still another embodiment of the invention, the 45 
aberration compensation element is divided into a plu- 
rality of concentric areas. 

In still another embodiment of the invention, the 
number of the concentric areas of the aberration com- 
pensation element is three or more. so 

In still another embodiment of the invention, the 
aberration compensation element is a hologram having 
a concentric pattern. 

In still another embodiment of the invention, the 
hologram is a blaze hologram. 55 

In still another embodiment of the invention, the 
aberration compensation element and the hologram 
element facing the laser light source are formed on a 



same substrate. 

In still another embodiment of the invention, the 
aberration compensation element and the hologram 
element facing the laser light source are formed on dif- 
ferent substrates with markers for positioning formed 
thereon, and then the substrates are bonded together to 
form the optical element. 

According to another aspect of the invention, a two- 
focus type optical pickup is provided. The optical pickup 
includes: a first disk having a first thickness and a first 
refractive index and a second disk having a second 
thickness and a second refractive index; and an objec- 
tive lens designed so as to converge a light beam on the 
first disk without aberration, a light beam from a light 
source being converged on the first disk and the second 
disk without aberration, wherein a hologram laser unit is 
used as the light source, the hologram laser unit includ- 
ing a laser light source and an optical detector formed 
integrally and secured to an optical system including an 
objective lens, an optical element is disposed between 
the laser light source and the objective lens, a hologram 
element is formed on a surface of the optical element 
facing the laser light source, and an aberration compen- 
sation element is formed on a surface of the optical ele- 
ment facing the objective lens, the optical element being 
constructed so that a light beam output from the laser 
light source and converged by the objective lens is 
divided into two light beams. 

In one embodiment of the invention, the aberration 
compensation element is formed on part of a center 
portion of the surface of the optical element and has a 
spherical lens function. 

In still another embodiment of the invention, the 
aberration compensation element includes a spherical 
lens portion and a uniaxial crystal material covering the 
spherical lens portion, so that a light beam incident on 
the aberration compensation element is divided into a 
light component which receives the aberration compen- 
sation function depending on a polarizing direction of 
the light beam and a light component which does not 
receive an aberration compensation function and a ratio 
of these components can be arbitrarily adjusted. 

In still another embodiment of the invention, the 
aberration compensation element has a concave lens 
function when an optical thickness of the first disk in 
view of the first refractive index is smaller than an optical 
thickness of the second disk in view of the second 
refractive index, and has a convex lens function when 
the thickness of the first disk in view of the first refractive 
index is larger than the thickness of the second disk in 
view of the second refractive index. 

In still another embodiment of the invention, a light 
amount of a light beam for the first disk is at least twice 
as large as a light amount of a light beam for the second 
disk. 

Thus, the optical pickup according to the invention 
is of a two-focus type which always outputs two types of 
light beams. The entire optical system is substantially 
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the same in construction as a conventional optical 
pickup provided with a hologram laser unit as a light 
source, and thus there is no increase in the number of 
components. In other words, a novel two-focus type 
optical pickup can be realized by only forming the aber- 
ration compensation element on the optical element of 
the hologram laser unit, without increasing the number 
of components of the optical system including the holo- 
gram laser unit. 

The hologram laser unit is secured to the fixed por- 
tion of the optical system. Only the objective lens is 
movable when the optical system follows an eccentricity 
and the like of a disk, as in a conventional system. 
Accordingly, the size of the optical pickup itself is not 
increased. 

Since a movable portion such as a lens switching 
means is not required, high-precision installment of the 
optical pickup is possible, and thus excellent reliability 
can be obtained. 

The aberration compensation element may be 
formed only on the center area of the top surface of the 
optical element, for example. Since the focal point of a 
light beam passing through the aberration compensa- 
tion element is different from that of a light beam pass- 
ing through the other peripheral area of the optical 
element, the NA of the objective lens for these light 
beams changes. This makes it possible to change the 
diameter of the converged beam spot and improve the 
tilt characteristic of the disk. 

The aberration compensation element may have a 
spherical lens function. Since the aberration compensa- 
tion element is secured to the fixing portion of the opti- 
cal system, an aberration may be generated due to a 
displacement between the objective lens and the aber- 
ration compensation element with respect to the optical 
axis when the objective lens is shifted at tracking. Such 
an aberration can be suppressed to such a level that the 
aberration hardly causes a problem, compared with the 
case where the aberration is compensated using a non- 
spherical lens. 

The spherical lens of the aberration compensation 
element may be covered with a uniaxial crystal material. 
The ratio of a light component which receives the aber- 
ration compensation function to a light component 
which does not receive the aberration compensation 
function can be arbitrarily adjusted depending on the 
polarizing direction of the light beam incident on the 
aberration compensation element. Accordingly, the light 
utilization rate for the second disk can be easily 
changed. Such an aberration compensation element 
serves as if it is divided into an infinite number of areas, 
though actually it is not divided into any areas. This pre- 
vents higher-order diffracted light unnecessary for the 
profile of the converged light spot from being generated, 
and thus reduces the diameter of the converged light 
spot. Moreover, since diffraction is not utilized unlike the 
case of using a hologram, the generation of unneces- 
sary diffracted light and thus a decline in the intensity of 



the converged light beam are prevented. 

The aberration compensation element may be 
divided into a plurality of areas. This suppresses the 
generation of higher-order diffracted light unnecessary 
5 for the profile of the converged light spot for the second 
disk and thus reduces the diameter of the converged 
light spot. 

When the aberration compensation element is 
divided into a plurality of areas, preferably into three or 

10 more areas, the side lobe intensity in the beam profile of 
the converged beam spot can be decreased. Thus, the 
substantial beam diameter can be reduced. 

The aberration compensation element may be 
composed of a hologram. The hologram serves as if it is 

is divided into an infinite number of areas, though actually 
it is not divided into any areas. This prevents higher- 
order diffracted light unnecessary for the converged 
light spot from being generated. Thus, the side lobe 
intensity in the beam profile can be decreased, and the 

20 substantial converged spot diameter can be reduced. 
As a result, high-resolution recording and reproduction 
is obtained. 

The ratio of the zero-order diffracted light to the 
first-order diffracted light can be changed by changing 
25 the shape (groove depth, pitch, etc.) of the hologram. 
This makes it possible to easily change the light utiliza- 
tion rate for the second disk 

When the hologram is a blaze hologram, unneces- 
sary diffracted light such as the first-order light can be 
30 suppressed. This increases the light utilization effi- 
ciency. 

The aberration compensation element and the sig- 
nal detection hologram element may be formed on sep- 
arate substrates, together with markers for positioning. 

35 The resultant substrates are bonded together to com- 
plete the optical element. This construction further 
improves the mass-productivity of the aberration com- 
pensation element, and therefore the hologram laser 
unit and the optical pickup. 

40 In the case where holograms are formed on both 
surfaces of the optical element, these holograms can be 
formed by the same processing step. This allows for 
easy and highly-precise centering between the holo- 
grams and thus excellent mass-productivity. Since the 

45 optical element is not formed by bonding, reliability is 
further improved. 

The optical pickup using the hologram laser unit 
with the above construction is excellent in mass-produc- 
tivity and reliability. 

so The optical pickup may use an aberration compen- 
sation element having a spherical lens function where 
the spherical lens is covered with a uniaxial crystal 
material. The aberration compensation element is con- 
structed to have a concave lens function when the opti- 

55 cal thickness of the first disk in view of the refractive 
index thereof is smaller than the optical thickness of the 
second disk in view of the refractive index thereof, that 
is, when the focal distance of the hologram laser unit at 
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which a light beam can be converged on the first disk 
without aberration is shorter than the focal distance of 
the hologram laser unit at which a light beam can be 
converged on the second disk without aberration, and 
has a convex lens function when the optical thickness of 5 
the first disk in view of the refractive index thereof is 
larger than the optical thickness of the second disk in 
view of the refractive index thereof, that is, when the 
focal distance of the hologram laser unit at which a light 
beam can be converged on the first disk without aberra- w 
tion is longer than the focal distance of the hologram 
laser unit at which a light beam can be converged on the 
second disk without aberration. 

The light amount of the beam for the first disk may 
be set to be twice or more as large as that of the beam is 
for the second disk. With this setting, the signal quality 
is prevented from being degraded due to an increased 
density. In other words, if one of the two disks is a high- 
density disk, the light beam intensity for the high-density 
disk can be increased. Thus, the problem of signal 20 
shortage is suppressed. 

Thus, the invention described herein makes possi- 
ble the advantages of (1) providing a hologram laser 
unit capable of providing accurate information record- 
ing/reproduction for two types of optical disks having dif- 25 
ferent substrate thicknesses and refractive indices 
when it is mounted in an optical pickup, (2) providing a 
hologram laser unit capable of realizing a small, thin 
optical pickup with excellent mass-productivity and reli- 
ability, and (3) providing a two-focus type optical pickup 30 
including such a hologram laser unit as a light source. 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art upon 
reading and understanding the following detailed 
description with reference to the accompanying figures. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic front view illustrating an 
optical system of a two-focus type optical pickup 40 
according to Example 1 of the present invention. 

Figure 2 is a detailed sectional view illustrating a 
hologram laser unit according to Example 1 of the 
present invention. 

Figure 3 is a plan view of an optical element accord- 45 
ing to Example 2 of the present invention. 

Figures 4A and 4B are sectional views explaining 
the lens operations according to Example 2 of the 
present invention. 

Figure 5 is a graph representing the aberration so 
amount generated by a displacement of an aberration 
compensation element with respect to the optical axis. 

Figure 6 is a plan view of an optical element accord- 
ing to Example 3 of the present invention. 

Figure 7 is a view explaining the beam profile of a 55 
converged beam according to Example 3 of the present 
invention. 

Figure 8 A is a plan view of a commercially-available 



objective lens for DVD where a light-shaded portion is 
formed in the center. 

Figure 8B is a graph representing the relationship 
between the diameter of the light-shaded portion of the 
objective lens of Figure 8A and the profile of a con- 
verged beam. 

Figures 9A and 9B are plan views of different opti- 
cal elements according to Example 4 of the present 
invention, together with the sectional views thereof. 

Figures 10A and 10B are a plan view and a sec- 
tional view, respectively, of an optical element according 
to Example 5 of the present invention. 

Figures 11 A, 11B, and 11C are views illustrating 
the steps of bonding a substrate on which an aberration 
compensation element is formed and a substrate on 
which a servo signal detection hologram element is 
formed together according to Example 6 of the present 
invention. 

Figures 12A and 12B are a plan view and a sec- 
tional view, respectively, of an optical element according 
to Example 7 of the present invention. 

Figure 13 is a plan view of an optical element 
according to Example 8 of the present invention. 

Figures 14A and 14B are sectional views explain- 
ing the lens operation of an aberration compensation 
element of Figure 13 according to Example 8 of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinbelow, the present invention will be 
described by way of example with reference to the 
accompanying drawings. 

(Example 1) 

An optical pickup, including a hologram laser unit, 
according to Example 1 of the present invention will be 
described with reference to Figures 1 and 2. 

The optical pickup of this example is of a two-focus 
type where a light beam can be converged on two types 
of disks (optical disks) 9-1 and 9-2 with different sub- 
strate thicknesses without aberration, and includes an 
optical system composed of a hologram laser unit 1 , a 
collimator lens 7, and an objective lens 8. The thick- 
nesses of the disks 9-1 and 9-2 are T1 and T2 (T1 < 
T2), respectively. 

Figure 2 illustrates the hologram laser unit 1 in 
detail. The hologram laser unit 1 is secured to a base 
substrate 20, and includes a semiconductor laser 2 and 
an optical detector 3 made of a photodiode which are 
integrally disposed in a cylindrical or rectangular-paral- 
lelopiped package 21 made of metal or resin, for exam- 
ple. 

A block-like optical element 4 is disposed on the top 
surface of the package 21 . An aberration compensation 
element 6-1 is formed on the center of the top surface of 
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the optical element 4. On the bottom surface of the opti- 
cal element 4, a signal detection hologram element 5 is 
formed. 

The operation of the optical pickup with the above 
construction will be described. Light emitted upward 
from the semiconductor laser 2 of the hologram laser 
unit 1 is incident on the optical element 4. Part of the 
incident light (a light beam in the center portion) is sub- 
jected to wave front conversion (aberration compensa- 
tion) by the aberration compensation element 6-1 , and 
passes through the collimator lens 7. The light is then 
incident on the objective lens 8 disposed above the col- 
limator lens 7, so as to be converged on the information 
recording surface of the disk 9-2 with the thickness T2 
without aberration, as shown by the broken lines in Fig- 
ure 1. 

The other part of the incident light (a light beam in 
the peripheral portion) which has not passed through 
the aberration compensation element 6-1 is converged 
on the information recording surface of the disk 9-1 with 
the thickness T1 without aberration, as shown by the 
solid lines in Figure 1 . 

Light reflected from the disk 9-1 (or 9-2) returns 
along the same route through the objective lens 8, the 
collimator lens 7, and the optical element 4, and then 
diffracted by the signal detection hologram element 5 to 
be incident on the optical detector 3. The incident light is 
then subjected to photoelectric conversion by the optical 
detector 3 to detect the information signal. 

Although the optical pickup of Example 1 is of a 
two-focus type which always outputs two light beams, 
the entire optical system is substantially the same in 
construction as the conventional optical pickup using a 
hologram laser unit as a light source. No additional 
components are required. In other words, a novel two- 
focus type optical pickup can be realized by only sub- 
jecting the optical element 4 of the hologram laser unit 1 
to a minimal amount of processing, without increasing 
the number of components of the optical system includ- 
ing the hologram laser unit. 

The hologram laser unit 1 in Example 1 is secured 
to the fixed portion of the optical system as described 
above. Only the objective lens 8 is movable when the 
optical system is required to follow an eccentricity and 
the like of the disk, as in the conventional system. 
Accordingly, the size of the optical pickup itself is not 
increased. 

Since a movable portion such as a lens switching 
means is not required, high-precision installment of the 
optical pickup is possible, and thus excellent reliability 
can be obtained. 

(Example 2) 

A hologram laser unit according to Example 2 of the 
present invention will be described with reference to 
Figures 3, 4A, 4B, and 5. The hologram laser unit of this 
example is characterized by an aberration compensa- 



tion element 6-2 formed on an optical element 4. The 
aberration compensation element 6-2, which is sub- 
stantially the same as the aberration compensation ele- 
ment 6-1 in Example 1 , will be described in detail. 

5 Referring to Figure 3, the aberration compensation 

element 6-2 is formed in a circle shape on the center 
area of the top surface of the optical element 4. The 
diameter thereof is sufficiently small compared with the 
diameter of an incident beam 7. 

w As in Example 1 , only the center portion of the light 
beam which has passed through the aberration com- 
pensation element 6-2 is subjected to the aberration 
compensation, to be converged on the information 
recording surface of a disk with a thicker substrate. 

15 Since the aberration compensation element 6-2 is 
only formed on the center area of the top surface of the 
optical element 4, the focal point of a light beam passing 
through the aberration compensation element is differ- 
ent from that of a light beam passing through the periph- 

20 eral area of the optical element. As a result, the NA of 
the objective lens for these light beams changes. This 
makes it possible to change the diameter of the con- 
verged beam spot, and improve the tilt characteristic of 
the disk. 

25 The aberration compensation element 6-2 in Exam- 
ple 2 is a lens having a spherical lens function. For 
example, when a second disk (the disk 9-2 in Figure 1) 
is thicker than a first disk (the disk 9-1 in Figure 2), or 
the former has a larger refractive index than the latter, 
30 the aberration compensation element 6-2 serves as a 
concave lens as shown in Figure 4A. On the contrary, 
when the second disk is thinner than the first disk, or the 
former has a smaller refractive index than the latter, the 
aberration compensation element 6-2 serves as a con- 
35 vex lens as shown in Figure 4B. 

The aberration compensation can also be obtained 
by using a non-spherical lens. However, the aberration 
compensation element 6-2 is secured to a fixed portion 
of the optical system as part of the hologram laser unit, 
40 which is separate from the objective lens, as described 
above. If the objective lens is shifted with respect to the 
optical axis during tracking, a displacement is gener- 
ated between the objective lens and the aberration 
compensation element 6-2 with respect to the optical 
45 axis (hereinbelow, such a displacement is referred to as 
an "optical axis displacement"). 

I£ a non-spherical lens is used for the aberration 
compensation element 6-2, the aberration amount gen- 
erated by the optical axis displacement increases corn- 
so pared with the case of using the spherical lens. This 
may prevent a light beam from being converged on the 
information recording surface of the disk with high preci- 
sion. 

When a spherical lens is used, the aberration 
55 amount generated by an optical axis displacement 
between the spherical lens and the objective lens, if 
generated, exhibits a linear relationship with the beam 
diameter as shown in Figure 5. Accordingly, the aberra- 
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tion due to the optical axis displacement can be sub- 
stantially cancelled by shifting an image surface in the 
direction of the optical axis displacement (the direction 
vertical to the optical axis). Figure 5 shows the displace- 
ment of a light path length (compensation error) at arbi- 
trary positions on the objective lens in the radial 
direction when an optical axis displacement of 0.4 mm 
is generated. 

As a result, the aberration compensation element 
6-2 in Example 2 is free from the problems caused by 
the optical axis displacement. 

(Example 3) 

A hologram laser unit according to Example 3 of the 
present invention will be described with reference to 
Figures 6, 7, 8A, and 8B. As in the previous examples, 
the hologram laser unit of this example is characterized 
by an aberration compensation element 6-3 formed on 
an optical element 4. The aberration compensation ele- 
ment 6-3 will be described in detail. 

Referring to Figure 6, the aberration compensation 
element 6-3 in Example 3 is of a ring-shape unlike the 
circle-shaped aberration compensation element 6-2 in 
Example 2. That is, the top surface of the optical ele- 
ment 4 is divided into three areas: a center circle area 
where the aberration compensation element 6-3 is not 
formed; a ring area of the aberration compensation ele- 
ment 6-3; and a peripheral area where the aberration 
compensation element 6-3 is not formed. This is clearly 
different from the aberration compensation element 6-2 
according to Example 2 where the top surface of the 
optical element 4 is divided into two areas, the inner 
area (where the aberration compensation element is 
formed) and the outer area (where the aberration com- 
pensation element is not formed). Hereinbelow, the 
effect obtained by the aberration compensation element 
6-3 of Example 3 will be described, in comparison with 
the aberration compensation element 6-2 of Example 2, 
with reference to Figures 7, 8A, and 8B. 

The aberration compensation element 6-2 accord- 
ing to Example 2 is simple in shape and thus has good 
processability compared with the aberration compensa- 
tion element 6-3 according to Example 3. However, the 
area of the aberration compensation element 6-2 with 
respect to the incident beam 7 is larger than that of the 
aberration compensation element 6-3. 

When the area of the aberration compensation ele- 
ment is large with respect to the incident beam 7, the 
beam spot converged on the first disk, i.e., a beam spot 
which has not been subjected to the aberration com- 
pensation, has an intensity distribution as shown by the 
solid line in Figure 7. That is, although the influence of 
higher-order diffracted light is significantly exhibited, 
and the diameter of the converged beam becomes 
small, the intensity at side lobes 10 increases. As a 
result, the substantial beam diameter increases. 

This problem will be described more specifically 



with reference to Figures 8A and 8B. Figure 8A shows 
a commercially available objective lens for DVD (digital 
video disk) where a light-shaded portion is formed at the 
center. Figure 8B is a graph representing the relation- 

5 ship between the radius r of the light-shaded portion of 
the objective lens of Figure 8A and the profile of the 
converged beam. The line connecting points marked • 
represents the relationship between the radius r (mm) 
of the light-shaded portion and the diameter (jim) of the 

ro converged beam, while the line connecting points 
marked ■ represents the relationship between the 
radius r (mm) of the light-shaded portion and the side 
lobe intensity (%). 

As is observed from the graph, as the radius r 

is becomes larger, the side lobe intensity becomes mark- 
edly higher. 

Forming a portion providing a different focal point, 
i.e., the aberration compensation portion, in the center 
portion of the optical system including the collimator 

20 lens 7 and the objective lens 8 provides substantially 
the same phenomenon as that exhibited when the 
center portion is light-shaded, for the other peripheral 
portion of the optical system. Accordingly, the aberra- 
tion compensation element 6-2 of Example 2 where the 

25 radius r (corresponding to the area actually light- 
shaded) is larger has a higher side lobe intensity, and 
thus the resultant substantial beam diameter is larger, 
compared with the aberration compensation optical ele- 
ment 6-3 of Example 3. 

30 On the contrary, in the aberration compensation 
element 6-3 of Example 3 having a center hole, the 
radius r is substantially reduced, and thus the side lobe 
intensity 10 decreases. As a result, the beam profile as 
shown by the broken line in Figure 7 is obtained. In this 

35 way, an increase in side lobe intensity can be sup- 
pressed, and thus the substantial beam diameter can 
be reduced. 

(Example 4) 

40 

A hologram laser unit according to Example 4 will 
be described with reference to Figures 9A and 9B. As in 
the previous examples, the hologram laser unit of this 
example is characterized by an aberration compensa- 
45 tion element 6-4 formed on an optical element 4. The 
aberration compensation element 6-4 will be described 
in detail. 

The aberration compensation element 6-4 of Exam- 
ple 4 is divided into three or more areas, unlike the aber- 

50 ration compensation element 6-3 of Example 3 which is 
divided into two areas. 

More specifically, referring to Figure 9A, the top sur- 
face of the optical element 4 is divided into four areas: a 
center circle area which is an aberration compensation 

55 portion; a surrounding ring area which is not an aberra- 
tion compensation portion; an outer ring area which is 
an aberration compensation portion; and a peripheral 
area which is not an aberration compensation portion. 
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Figure 9B shows an alternative aberration compen- 
sation element 6-4* according to Example 4 of the 
present invention. In the aberration compensation ele- 
ment 6-4\ the top surface of the optical element 4 is 
divided into five areas: a center circle area which is not 5 
an aberration compensation portion; an inner ring area 
which is an aberration compensation portion; a sur- 
rounding ring area which is not an aberration compen- 
sation portion; an outer ring area which is an aberration 
compensation portion; and a peripheral area which is 
not an aberration compensation portion. 

Thus, in Example 4, the aberration compensation 
elements 6-4 and 6-4* are radially divided into three or 
more areas as shown in Figures 9A and 9B. 

The aberration compensation element 6-4 and 6-4' 
of Example 4 having three or more divided areas have 
the following advantages over the aberration compen- 
sation element 6-3 of Example 3 having two divided 
areas. 

The aberration compensation element 6-3 shown in 
Figure 6 is advantageous in that the substantial diame- 
ter of the beam converged on the first disk can be 
reduced. However, it has a problem as described above. 
That is, when the beam is converged on the second disk 
via the aberration compensation element, the center cir- 
cle area which is not an aberration compensation por- 
tion serves as a light-shaded area for the other area 
which is an aberration compensation portion. Accord- 
ingly, in the intensity distribution of the beam spot con- 
verged on the second disk (i.e., a beam spot subjected 
to the aberration compensation), although the diameter 
of the converged beam is small, the influence of higher- 
order diffracted light is significantly exhibited, increasing 
the intensity at the side lobes 10 of the beam profile. As 
a result, the substantial beam diameter increases. 

However, the aberration compensation elements 6- 
4 and 6-4* in Example 4 are radially divided into three or 
more areas (i.e., the top surface of the optical element 4 
is divided into four or more areas). As a result, an 
increase in the side lobe intensity of the converged 
beam can be suppressed for both the first and second 
disks, and thus the substantial beam diameter can be 
reduced. That is, both the beams converged on the first 
and second disks have better characteristics as the 
number of divided areas of the aberration compensation 
element is larger for the reason described with refer- 
ence to Figures 8A and 8B. 

(Example 5) 

A hologram laser unit according to Example 5 will 
be described with reference to Figures 1 0A and 1 0B. As 
in the previous examples, the hologram laser unit of this 
example is characterized by an aberration compensa- 
tion element 6-5 formed on an optical element 4. The 
aberration compensation element 6-5 will be described 
in detail. 

An optical pickup including the hologram laser unit 



of Example 5 is intended to be usable for not only the 
conventional disks such as CDs but also for disks with a 
smaller substrate thickness for achieving higher densi- 
ties. 

As the density of a disk increases, the resultant sig- 
nal quality may degrade (the S/N ratio may degrade). In 
order to suppress the degradation of the signal quality 
as much as possible, a light beam intensity should be as 
large as possible to compensate the signal shortage. 

However, when the two-focus type lens is used, the 
light beam intensity for each disk decreases since the 
light beam is divided into two. In two-focus type lens, 
therefore, the high-density disk should be given priority 
over the conventional disk in the light beam intensity. 
However, if this is done, the light beam intensity for the 
conventional disk decreases greatly. Therefore, in order 
to realize the above intention, it is important to balance 
between the two disks. 

In order to achieve such balancing, the aberration 
compensation element 6-5 in Example 5 is radially 
divided into 10 areas at a pitch of 0.1 mm (i.e., the top 
surface of the optical element 4 is divided into 11 
areas). The hatched areas of the aberration compensa- 
tion element 6-5 shown in Figure 10A correspond to 
areas for the second disk which are aberration compen- 
sation portions, while the other areas thereof corre- 
spond to areas for the first disk which are not aberration 
compensation portions. 

The light amounts to be received by the two disks 
were calculated in view of the intensity distribution of the 
beam incident on the aberration compensation element 
6-5. As a result, light amounts received by the first and 
second disks were about 70 and about 30 when the 
total light amount is 1 00. That is, the first disk receives a 
light amount of about 2.3 times greater than that 
received by the second disk. 

In this way, when a high-density disk is used as one 
of the disks for signal reproduction by the optical pickup, 
the light amount for the high-density disk should be set 
to be at least twice as large as that of the other disk. By 
using such a setting, the problems of the signal short- 
age, and thus degradation of the signal quality, can be 
overcome. 

(Example 6) 

The hologram laser unit according to Example 6 of 
the present invention will be described with reference to 
Figures 11 A to 11C. The hologram laser unit of this 
example is characterized by the fabrication method of 
an optical element 4, as will be described in detail 
below. 

In Examples 1 to 5 above, the signal detection holo- 
gram element 5 is formed on the bottom surface of the 
optical element 4, on the top surface of which one of the 
aberration compensation elements 6-1 to 6-5 (in this 
example, generically called the aberration compensa- 
tion element 6) is formed. 
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The servo signal detection hologram element 5 is 
formed by etching, for example. The aberration com- 
pensation element 6 is formed by a molding method 
where a metal jig is pressed against a resin surface. 
Thus, since the servo signal detection hologram ele- 
ment 5 and the aberration compensation element 6 are 
not formed by a same method, it is difficult to produce 
these elements on the same substrate with good mass- 
productivity. 

In order to overcome this problem, in Example 6, 
the aberration compensation element 6 and the holo- 
gram element 5 are formed on separate resin sub- 
strates as optical elements 4-1 and 4-2, respectively, 
together with markers 30. Then, the two optical ele- 
ments 4-1 and 4-2 are bonded together so that the 
markers 30 match with each other, thereby integrating 
the two optical elements. 

In this method, since the two optical elements 4-1 
and 4-2 can be easily aligned with each other, the mass- 
productivity of the optical element 4, i.e., the hologram 
laser unit, and the resultant optical pickup does not 
decrease, thereby greatly contributing to the cost reduc- 
tion thereof. 

(Example 7) 

A hologram laser unit according to Example 7 of the 
present invention will be described with reference to 
Figures 12A and 12B. The hologram laser unit of this 
example is characterized by an aberration compensa- 
tion element 6-7 formed on an optical element 4. The 
aberration compensation element 6-7 will be described 
in detail. 

As shown in Figures 12A and 12B, the aberration 
compensation element 6-7 of Example 7 is composed 
of a hologram. The hologram 6-7 is formed only on the 
center area of the top surface of an optical element 4 
with respect to an incident beam 7, as in Example 2 
shown in Figure 3. 

The hologram 6-7 provides a spherical lens func- 
tion for the first-order diffracted light component, but 
does not provide it for the zero-order diffracted light 
component. As a result, the first-order diffracted light 
component is converged on the second disk without 
aberration, while the zero-order diffracted light compo- 
nent and light passing through the peripheral area 
where the hologram 6-7 is not formed are converged on 
the first disk without aberration. 

The ratio of the light amounts of the zero-order dif- 
fracted light component to the first-order diffracted light 
component can be changed by changing the depth of 
the grooves of the hologram 6-7. Accordingly, by 
increasing the ratio of the light amount of the zero-order 
diffracted light component, the light component passing 
through the center area where the hologram 6-7 is 
formed is permitted to converge on the first disk. As a 
result, the influence of higher-order diffracted light on 
the converged beam spot decreases, and thus an 



increase in side lobe intensity can be suppressed. 

Thus, the aberration compensation element 6-7 in 
Example 7 serves as if it is divided into an infinite 
number of areas, though actually it is not divided into 

5 any areas. This prevents higher-order diffracted light 
unnecessary for the profile of the converged light spot 
from being generated, and thus the substantial beam 
diameter can be reduced. As a result, information 
recording/reproduction with high resolution can be real- 

10 ized. 

The aberration compensation element 6-7 prefera- 
bly has a saw-shaped blaze section. A blaze hologram 
can suppress unnecessary diffracted light such as 
minus first-order diffracted light. This increases the light 

15 amount contributing to the converged light beam, i.e., 
the light utilization efficiency. 

As in Example 5, the hologram 6-7 permits the 
intensities of the light beams for the two types of disks 
to be changed by adjusting the area of the hologram 

20 and the diffraction efficiency (depth of grooves) of the 
hologram. 

Thus, in this example, as in Example 5, when one of 
the two types of disks is a high-density disk, the light 
amount for the high-density disk can be easily set to be 
25 at least twice as large as that for the other disk. Accord- 
ingly, when information recorded on the high-density 
disk is to be reproduced, the signal quality is prevented 
from degrading due to a decline in the light beam inten- 
sity. 

30 In Example 7, since the aberration compensation 
element 6-7 is composed of a hologram, it can be 
formed together with the signal detection hologram ele- 
ment 5 which is formed on the opposite surface of the 
optical element 4 during the same processing step. The 

35 alignment of these holograms with respect to the optical 
axis can be easily performed. Thus, a hologram laser 
unit with excellent mass-productivity and reliability can 
be realized. 



A hologram laser unit according to Example 8 of the 
present invention will be described with reference to 
Figures 13, 14A, and 14B. The hologram laser unit of 
this example is characterized by an aberration compen- 
sation element 6-8 formed on the top surface of an opti- 
cal element 4. The aberration compensation element 6- 
8 will be described in detail. 

The aberration compensation element 6-8 of Exam- 
ple 8 includes a plano-concave lens (or a plano-convex 
lens, not pictured) 29 and a uniaxial crystal material 40 
covering the lens surface. The refractive index of the 
uniaxial crystal material 40 at either the minor axis or 
the major axis thereof and the refractive index of the 
lens are set substantially the same. 

For example, as shown in Figure 14A, when the 
polarizing direction of an incident light beam is aligned 
with the optic axis of the uniaxial crystal material 40 at 
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which the refractive index is substantially the same as 
that of the lens, the incident light beam does not recog- 
nize the lens, passing through the lens without being 
refracted by the lens. 

On the contrary, as shown in Figure 14B, when the 
polarizing direction of an incident light beam is aligned 
with the optic axis of the uniaxial crystal material 40 at 
which the refractive index is different from that of the 
lens, the incident light beam recognizes the lens as a 
lens having a refractive index corresponding to the dif- 
ference in the refractive index between the lens 29 and 
the uniaxial crystal material 40, receiving a refraction by 
the lens. 

More specifically, in Example 8, light passing 
through the aberration compensation element 6-8 is 
divided into a component which receives the compen- 
sation function and a component which does not 
receive the compensation function depending on the 
angle between the polarizing direction of the incident 
light beam and the optic axis of the uniaxial crystal 
material 40. Moreover, the ratio of the two components 
can be arbitrarily changed. 

Thus, as in the aberration compensation element 6- 

7 in Example 7, the aberration compensation element 6- 

8 in Example 8 serves as if it is divided into an infinite 
number of areas, though actually it is not divided into 
any areas. This prevents higher-order diffracted light 
unnecessary for the profile of the converged light spot 
from being generated, and thus the substantial beam 
diameter can be reduced 

Since this example does not utilize the diffraction 
unlike the case of using a hologram, the generation of 
unnecessary diffracted light and thus a decline in the 
converged beam intensity are prevented. 

Thus, in this example, when one of the two types of 
disks is a high-density disk, the light amount for the 
high-density disk can be easily set to be at least twice 
as large as that of the other disk by adjusting the angle 
between the polarizing direction of the incident light 
beam and the optic axis of the uniaxial crystal material 
40. Accordingly, when information recorded on the high- 
density disk is to be reproduced, the signal quality is 
prevented from degrading due to a decline in the light 
beam intensity. 

In the above examples, the optical element having 
the aberration compensation element and the signal 
detection hologram element integrally formed on the top 
and bottom surfaces of a transparent substrate, or the 
optical element composed of two substrates respec- 
tively having the aberration compensation element and 
the signal detection hologram element bonded together 
with no gap therebetween is used. It is also possible to 
use a so-called division-type optical element where the 
above two substrates are bonded with an air layer 
formed therebetween. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. 



Accordingly, it is not intended that the scope of the 
claims appended hereto be limited to the description as 
set forth herein, but rather that the claims be broadly 
construed. 

5 

Claims 

1. A hologram laser unit comprising a laser light 
source and an optical detector formed integrally 

io and secured to an optical system including an 
objective lens, 

wherein an optical element is disposed 
between the laser light source and the objective 
lens, a hologram element is formed on a surface of 

75 the optical element facing the laser light source, 
and an aberration compensation element is formed 
on a surface of the optical element facing the objec- 
tive lens, the optical element being constructed so 
that a light beam output from the laser light source 

20 and converged by the objective lens is divided into 
two light beams. 

2. A hologram laser unit according to claim 1 , wherein 
the optical element is divided into two parts with an 

25 air layer therebetween. 

3. A hologram laser unit according to claim 1 , wherein . 
the aberration compensation element is formed on 
part of a center portion of the surface of the optical 

30 element and has a spherical lens function. 

4. A hologram laser unit according to claim 3, wherein 
the aberration compensation element comprises a 
spherical lens portion and a uniaxial crystal mate- 

35 rial covering the spherical lens portion, so that a 
light beam incident on the aberration compensation 
element is divided into a light component which 
receives the aberration compensation function 
depending on a polarizing direction of the light 

40 beam and a light component which does not 
receive an aberration compensation function and a 
ratio of these components can be arbitrarily 
adjusted. 

45 5. A hologram laser unit according to claim 1 , wherein 
the aberration compensation element is divided into 
a plurality of concentric areas. 

6. A hologram laser unit according to claim 5, wherein 
so the number of the concentric areas of the aberra- 
tion compensation element is three or more. 

7. A hologram laser unit according to claim 1 , wherein 
the aberration compensation element is a hologram 

55 having a concentric pattern. 

8. A hologram laser unit according to claim 7, wherein 
the hologram is a blaze hologram. 
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9. A hologram laser unit according to claim 1 , wherein 
the aberration compensation element and the holo- 
gram element facing the laser light source are 
formed on a same substrate. 

5 

10. A hologram laser unit according to claim 1 , wherein 
the aberration compensation element and the holo- 
gram element facing the laser light source are 
formed on different substrates with markers for 
positioning formed thereon, and then the substrates 10 
are bonded together to form the optical element. 

1 1 . A two-focus type optical pickup comprising: 

a first disk having a first thickness and a first is 
refractive index and a second disk having a 
second thickness and a second refractive 
index; and 

an objective lens designed so as to converge a 
light beam on the first disk without aberration, 20 
a light beam from a light source being con- 
verged on the first disk and the second disk 
without aberration, 

wherein a hologram laser unit is used as 
the light source, the hologram laser unit com- 2s 
prising a laser light source and an optical 
detector formed integrally and secured to an 
optical system including an objective lens, an 
optical element is disposed between the laser 
light source and the objective lens, a hologram 30 
element is formed on a surface of the optical 
element facing the laser light source, and an 
aberration compensation element is formed on 
a surface of the optical element facing the 
objective lens, the optical element being con- 35 
structed so that a light beam output from the 
laser light source and converged by the objec- 
tive lens is divided into two light beams. 

12. A two-focus type optical pickup according to claim 40 

1 1 , wherein the aberration compensation element 
is formed on part of a center portion of the surface 
of the optical element and has a spherical lens 
function. 

45 

13. A two-focus type optical pickup according to claim 

12, wherein the aberration compensation element 
comprises a spherical lens portion and a uniaxial 
crystal material covering the spherical lens portion, 

so that a light beam incident on the aberration com- so 
pensation element is divided into a light component 
which receives the aberration compensation func- 
tion depending on a polarizing direction of the light 
beam and a light component which does not 
receive an aberration compensation function and a 55 
ratio of these components can be arbitrarily 
adjusted. 



14. A two-focus type optical pickup according to claim 
13, wherein the aberration compensation element 
has a concave lens function when an optical thick- 
ness of the first disk in view of the first refractive 
index is smaller than an optical thickness of the sec- 
ond disk in view of the second refractive index, and 
has a convex lens function when the optical thick- 
ness of the first disk in view of the first refractive 
index is larger than the optical thickness of the sec- 
ond disk in view of the second refractive index. 

15. A two-focus type optical pickup according to claim 
11, wherein a light amount of a light beam for the 
first disk is at least twice as large as a light amount 
of a light beam for the second disk. 



45 



SO 



11 



EP0 892 396 A2 



FIG. 1 




I 



I 



12 



EP 0 892 396 A2 



FIG. 2 




13 



EP 0 892 396 A2 



FIG. 3 
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FIG. 1 1A 
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